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We present N = 1 supergravity models of mutated hilltop inflation (MHI) for both large and small
field sectors. Models with canonical kinetic terms are developed based on a shift symmetric Kähler
potential in inflaton superfield, and with a superpotential linear in Goldstino superfield. We also
construct models with non-canonical kinetic terms for MHI by generalizing the shift symmetry. We
found that a good fraction of the models can address the entire branch of MHI in a single framework.
I. INTRODUCTION
Among a plethora of models for cosmological infla-
tion [1], one of the very interesting models that is well-
appreciated after the latest Planck 2015 and 2018 data
[2, 3], is the Mutated Hilltop Inflation (MHI) [4] model.
First proposed around a decade back, the salient features
of these models have been explored at length at different
stages (see, e.g., [1, 5, 6]). MHI models generically have
a potential of the form
V = V0 (1− sech µφ) (1)
for the inflaton field φ with Minkowski minimum at
φ = 0. This model belongs to the class of chaotic in-
flation with super-Planckian inflaton field value φ ≥ 1.
Depending on the value of model parameter µ, MHI
can occur in two branches: one belongs to large field
excursion sector ∆φ ≥ 1 for µ . 2.8 and the other one
belongs to small field sector ∆φ ≤ 1 for µ & 2.8 [5].
Moreover, the model has a subset in the large field sec-
tor which is belongs to the class of α-attractors [7–15]
for the limiting case µφ  1 [5]. Spectral index ns is
almost independent of the parameter µ, but with a slight
negative running, and the tensor to scalar ratio r can
address the value from 10−4 to 10−1 depending upon
the value of µ. Subsequently, some more interesting fea-
tures of these models have been studied in [1, 6]. These
predictions are in good agreement with the latest Planck
2015 and 2018 data [2, 3].
However, despite all its successes, a complete descrip-
tion of MHI in the context of supergravity is still un-
available. The aim of the present article is to construct
a supergravity model that would lead to the mutated
hilltop inflation. The form of the potential mentioned
in Eq.(1) can be considered as the functional form of
tanh φ and hence it belongs to the class of α-attractors
and these α-attractors are well formulated and studied
in the context of supergravity and string theory [7–18].
In fact, the T-model variant of α-attractor gives rise to
a potential of the form Eq.(1) and, for suitable choice
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of the parameter µ (and hence α), one can realize the
MHI model for small-field and large-field within the
framework of α-attractor.
The goal of this letter is to construct a supergravity
framework that can account for MHI, with all non-
inflaton moduli fields stabilized, and to demonstrate
that it can address each and every branch of the model
therefrom. One can accomplish this in the context of gen-
eral inflaton potentials in supergravity for the chaotic
inflation [19], since MHI falls under the category of
chaotic inflation. In such a scenario one has to choose
a Kähler potential which is invariant under the shift
of inflaton superfield T and a superpotential which is
linear in Goldstino superfield S [20]. More specifically,
Kähler potential should be a function of T ± T∗ and the
component (i.e., real or imaginary part of inflaton su-
perfield), which is not appearing in the Kähler potential
should be treated as the real inflaton field: T∓ T∗. This
is to avoid the usual η-problem in supergravity.
Explicit functional form for these super- and Kähler
potentials in such a construction reads
W = S f (T) K± = K±
(
(T ± T∗)2 , SS∗
)
. (2)
This Kähler potential is invariant under the following
shift transformation:
T → T + ic for K+,
T → T + c for K−. (3)
Next step is to stabilize the Goldstino superfield S at
S = 0 during inflation. This will assure the F-term
SUGRA potential is positive definite via the vanishing
of superpotential. i.e.,
V = eK
(
DTi WK
ij∗DTj∗W
∗ − 3 |W|2
) ∣∣∣∣
S=0
> 0. (4)
Further, inflaton partner field T ∓ T∗ will be stabilized
at zero along the inflationary trajectory by attaining the
mass greater than Hubble scale. As a result, the final
potential will take the form
V = | f (T)|2 . (5)
In the following sections we are going to elaborate
on this. Specifically, we will show that our construction
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2of canonical MHI models in supergravity are based on
the above approach. Hence one can conclude that these
formulations are the special examples of the general
class of supergravity models of chaotic inflation [19].
Moreover, if one can generalize the above shift symmetry
Eq.(3), into the form:
N
∑
n=1
K(n)Tn →
N
∑
n=1
K(n)Tn + CN (6)
and construct a Kähler potential invariant under this
shift, one will end up at a non-canonical kinetic term for
the model. In the subsection (II A 3) we construct MHI
model in supergravity in such a direction also.
II. MUTATED HILLTOP INFLATION IN
SUPERGRAVITY
In this section, we discuss different possibilities of
supergravity embedding of MHI. As mentioned above,
these models are based on two superfields: one is in-
flaton superfield T, and another one is Goldstino super-
field S. For the standard (canonical) MHI construction
we use the Kähler potentials K± respecting either of the
shift symmetry Eq.(3) and representing them explicitly
as follows:
K± = ±1
2
(T ± T∗)2 + SS∗ − ζ(SS∗)2 (7)
with T∓ T∗ as the inflaton. Here the term ζ(SS∗)2 has
been added to the Kähler potential in order to render
the mass of the stabilizer field S greater than Hubble
scale. So that S will be stabilized during inflation. In
the absence of this term, mass of the S field will be
light and comparable to the mass of inflaton and it
will be added to the inflationary fluctuations. Hence the
dynamics of the inflation cannot be regulated with single
field. We explicitly discuss two branches of MHI i.e.,
large and small field inflation separately in the following
subsections.
A. Branch-I: MHI in Large Field Sector
1. Model-I
Let us begin with the following superpotential and
Kähler potential
W = Λ2S
eaT/2 − e−aT/2
(eaT + e−aT)1/2
, K = K− (8)
where a is the real model parameter and it should satisfy
the condition a . 3.959, in order to materialise large field
Figure 1. Scalar potential for the theory Eq.(8), for the vari-
ables Eq.(9) with a = 1. Potential has a de Sitter valley of
constant depth and width for large values of φ and has nearly
Minkowski minimum at small values of φ.
inflation. Next we represent the complex superfields in
terms of the real variables
T =
1√
2
(φ+ iχ) , S =
1√
2
(s + iβ) (9)
where real part of T is considered as inflaton. Masses of
the fields along the inflationary trajectory χ = S = 0 is
computed as follows:
m2χ = 6H
2
[
1 +
a2
8
sinh−2 aφ
2
√
2
×
(
1 + sech
aφ√
2
− sech2 aφ√
2
)]
(10)
m2S = H
2
[
12ζ +
3a2
8
sinh−2 aφ
2
√
2
× sech aφ√
2
(
1 + sech
aφ√
2
)]
. (11)
Thus during inflation, sinflaton attains T − T∗ = χ =
0 and Goldstino S stabilizes at S = 0 for 12ζ > 1 and the
final potential, along the inflationary trajectory, reads
V|S=0,T−T∗=0 = Λ4
(
1− sech aφ√
2
)
(12)
This potential is shown in the fig.(1) for the field vari-
ables φ and χ.
2. Model-II
The second model in this branch can be realised by
performing a change of variables T → iT in model-I, so
3that the imaginary part of the superfield T is assumed as
inflaton. As a result superpotential and Kähler potential
turn out to be
W = iΛ2S
eiaT/2 − e−iaT/2(
eiaT + e−iaT
)1/2 , K = K+. (13)
Also, here we consider the field variables have an explicit
form:
T =
1√
2
(χ+ iφ) , S =
1√
2
(s + iβ) . (14)
It can be readily found that, in this setup, the inflation-
ary dynamics and the mass matrix for the non-inflaton
fields are same as that of the previous model (II A 1).
With no apparent change in the above parameters but
with the crucial difference of the interpretation of infla-
tion field as above, the final potential during inflation in
this model is given by
V|S=0,T+T∗=0 = Λ4
(
1− sech aφ√
2
)
(15)
As apparent, this potential will have nearly the same
behavior as the one in model-I as shown in the Fig.(1).
3. Model-III
Once again we start from the model-I and perform
the transformation aT → sech−1 T. As a result this
will end up with a similar form of Kähler potential and
superpotential which appear in T-model supergravity
α-attractor setups [12, 15]. Under the above mentioned
transformation super and Kähler potential takes the
form:
W = Λ2S
√
1− T, (16)
K = −3α
2
log2
T∗
(
1 +
√
1− T2
)
T
(
1 +
√
1− T∗2
)
+ SS∗ − ζ(SS∗)2,
(17)
where we have used 1/a =
√
3α with a . 3.96. Under
this change of variables the new Kähler potential also
preserves the shift symmetry. This is quite obvious
from the behavior of vanishing of first term of Kähler
potential Eq.(17) during inflation due to the inflaton
partner T − T∗ that attains the zero vev. The Kähler
potential Eq.(17) is invariant under the following shift
transformation:
log
1 +
√
1− T2
T
→ log 1 +
√
1− T2
T
+ C (18)
Figure 2. Scalar potential for the theory Eq.(16) and Eq.(17), for
the variables Eq.(21). Although the existence of flat direction
in the potential is not obvious in this set of variables, there
indeed is a flat direction as demonstrated in Sec.II A 3.
Corresponding kinetic term and potential for this model
are, respectively, as follows:
1√−g Lkin = −
3α
TT∗
√
1− T2√1− T∗2 ∂µT∂
µT∗
− (1− 4ζS∗S) ∂µS∂µS∗, (19)
V|S=0 = Λ4e
− 3α2 log2
[
T∗(1+
√
1−T2)
T(1+
√
1−T∗2)
]
√
1− T√1− T∗ (20)
Decomposing the superfields into real and imaginary
parts
T =
1√
6α
(φ+ iχ) , S =
1√
2
(s + iβ) (21)
we get the following Lagrangian at the inflationary tra-
jectory S = χ = 0:
L =
√−g
R
2
− 3α
φ2
(
1− φ26α
)∂µφ∂µφ−Λ4 (1− φ√
6α
)
(22)
Further, under the field redefinition into the canonical
real variable ψ: φ =
√
6α sech(ψ/
√
6α), the final Lag-
rangian reads:
L =
√−g [R
2
− 1
2
∂µψ∂
µψ−Λ4
(
1− sech ψ√
6α
)]
.
(23)
The scalar potential for the model Eq.(17) and Eq.(16)
is shown in Fig.(2). One may wonder if the flat direction
is visible in these non-canonical variables φ and χ. In
4order to clarify that, we represent them in a more con-
venient variable Tˆ = (ψ+ iθ)
√
6α, which is related to T
as T = sech Tˆ. Consequently, the kinetic terms become
canonical for both fields ψ and θ and the potential will
look approximately same as that of model-I as shown in
the Fig.(1), thereby reassuring flat directions.
Nevertheless, the moduli space associated with this
model, i.e., Kähler manifold associated with the Kähler
potential Eq.(17) is geometrically flat. This can be demon-
strated as follows. The metric of the moduli space based
on the Kähler potential Eq.(17) is defined as
ds2 = gTT∗dTdT∗ (24)
where
gTT∗ = KTT∗ = − 3α
TT∗
√
1− T2√1− T∗2 . (25)
From this Kähler metric non-vanishing Levi-Civita
connection coefficients, Riemannian tensors, and the
curvature of the moduli space are computed as follows:
ΓTTT = −
1− 2T2
T − T3 , Γ
T∗
T∗T∗ = −
1− 2T∗2
T∗ − T∗3 (26)
RTTT∗T = ∂T∗ΓTTT = 0. (27)
RKähler = 0 (28)
Alternatively, from the definition of curvature of Kähler
manifold via the metric one can straightaway show that
RKähler = −g−1ΦΦ∗∂Φ∂Φ∗ log gΦΦ∗ = 0. (29)
From the above, one can conclude that geometry associ-
ated with our Kähler manifold is indeed flat.
4. Model-IV
Till now, we were discussing about MHI models in
supergravity based on a single parameter. A two para-
meter realisation of the scenario in supergravity is also
possible for MHI model. In such a scenario one can
consider a combination of superpotential and Kähler
potential as follows:
W = Λ2S
e−aT/2 − e−bT/2(
e−aT + e−bT
)1/2 , K = K− (30)
This will end up with a potential of the form for the real
part of the inflaton superfield T:
V|S=0,T−T∗=0 = Λ4
(
1− sech (a− b)φ
2
√
2
)
(31)
for the variables defined in Eq.(9). Thus, although we
started with two parameters in supergravity, the form
of the potential boils down to such a form so as to be
represented by a single parameter, namely, (a− b). As a
result, in this model the parameters a and b can take any
value so far as the constraint −7.191 . (a− b) . 7.191
is satisfied in order to guarantee large field excursion.
The mass matrix for the non-inflaton fields along the
inflationary trajectory are computed as follows:
m2χ = 6H
2
[
1 +
(a− b)2
16
(
sinh−2 (a− b)φ
4
√
2
+2 sech2
(a− b)φ
2
√
2
)]
(32)
m2S = H
2
[
12ζ +
3(a− b)2
32
sinh−2 (a− b)φ
4
√
2
× sech (a− b)φ
2
√
2
(
1 + sech
(a− b)φ
2
√
2
)]
. (33)
The same will also work for the field replacement of
all scalars of the type Z → iZ in Eq.(30) (as in model-
(II A 2)). In that case the super- and Kähler potentials
take the form:
W = iΛ2S
e−iaT/2 − e−ibT/2(
e−iaT + e−ibT
)1/2 , K = K+ (34)
where the inflaton field will be the imaginary part of the
superfield T and it will end up with the potential Eq.(31)
for the variables Eq.(14).
B. Branch-II: MHI in Small Field Sector
1. Model-I
The first kind of models in Small Field Sector is
rather trivial. It is a straightforward exercise to show
that all the models presented in section-(II A) in the
context of large field inflation can also govern small
field excursion if the value of the model parameter(s)
a & 3.959 or (a− b) & 7.191. In this scenario all non-
inflaton moduli fields are stabilized in the inflationary
trajectory with a slightly different mass. This is quite
evident from the expressions of mass matrix of the fields
Eq.(10) and Eq.(11). There is a small change in the shape
of the potential along χ direction at small φ region. We
have demonstrated the results in Fig.(3) that reflects
distinctive features of small field models.
2. Model-II
Until now, we have supersymmetric models which can
simultaneously explain both large field and small field
5Figure 3. Scalar potential for the theory Eq.(8), for the variables
Eq.(9) with a = 4.242. This potential also has a de Sitter valley
of constant depth and width for large values of φ and has
nearly Minkowski minimum at small values of φ.
MHI. In what follows we will construct an exclusive
model for small field MHI. For this let us consider super-
and Kähler potentials as:
W = Λ2Se
3
2 α log
2
(
T
1+
√
1−T2
)
√
1 + T, (35)
K = −3α
∣∣∣∣log( T1 +√1− T2
)∣∣∣∣2 + SS∗ − ζ(SS∗)2. (36)
Where α . 0.0212 to satisfy the condition of small field
inflation. The associated kinetic and potential terms for
this model are given by
1√−g Lkin =
3α
TT∗
√
1− T2√1− T∗2 ∂µT∂
µT∗
− (1− 4ζS∗S) ∂µS∂µS∗, (37)
V = Λ4e
3
2 α
[
log2
(
T
1+
√
1−T2
)
+log2
(
T∗
1+
√
1−T∗2
)]
e
−3α
∣∣∣∣log( T1+√1−T2
)∣∣∣∣2 ×√1− T√1− T∗ (38)
where the potential is calculated at S = 0. Decomposing
these superfields into real and imaginary parts
T =
1√
6α
(φ+ iχ) , S =
1√
2
(s + iβ) (39)
the total Lagrangian at the inflationary trajectory S =
χ = 0 takes the form
L =
√−g
R
2
+
3α
φ2
(
1− φ26α
)∂µφ∂µφ−Λ4 (1− φ√
6α
)
(40)
Figure 4. Scalar potential for the theory Eq.(35) and Eq.(36) for
α = 0.008.
Consequently, under the following field redefinition in
the canonical real variable ψ: φ =
√
6α sech(ψ/
√
6α),
the final Lagrangian reads:
L =
√−g [R
2
− 1
2
∂µψ∂
µψ−Λ4
(
1− sech ψ√
6α
)]
.
(41)
Which represents the mutated hilltop inflation (MHI).
Scalar potential for this theory is shown in the fig (4) in
terms of the more adequate variables Tˆ = (ψ+ iθ)
√
6α,
which is related to T as T = sech Tˆ. The canonical
masses for all those non-inflaton stabilized fields are
computed in terms of the variable Tˆ along the inflation-
ary trajectory as follows:
m2θ = 6H
2
[
1− 1
24α
(
sinh
ψ
2
√
6α
)−2
×
(
1 + sech
ψ√
6α
− sech2 ψ√
6α
)]
(42)
m2S = H
2
[
12ζ − 1
4α
sinh−2 ψ√
6α
× sech ψ√
6α
(
1 + sech
ψ√
6α
)]
. (43)
III. CONCLUDING REMARKS
In this letter, we have presented various supergravity
embedding of mutated hilltop inflation (MHI) model
for both large and small field branches with stable
Minkowski vacuum. Models constructed with canonical
kinetic terms are the special examples of general class
of models describing chaotic inflation in supergravity
[19]. These canonical models are developed based on a
6shift symmetric Kähler potential in inflaton superfield,
and with a superpotential linear in Goldstino superfield.
By generalizing this shift symmetry, we also constructed
models for MHI with non-canonical kinetic terms. We
also found that many of the models described in the
letter can address the entire branch (large field and small
field sectors) of MHI in a single framework.
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